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Bill' the principal failing occurred in the sailing. 
And the Bellman, perplexed and distressed, 
Said he had hopeji, at least, when the wfind blew due 
East, . ' - ^ 

le ship would not'travel due West! 

— Lewis Carroll, The Hunting of the Snark 
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SUMMARY 

... . ... . _ ... ■ _ . ~i> 

As the applications of computing have expanded from calculating to information 
processing, the issues of computing and higher education have- enlarged to; include 
questions about the nature oi information transfer on campus and about the role of 

^higher education -hi an information society. Computing has been a catalyst for acceler- 
ating the riSibh's jxansitibrj to an information economy iri;which over half of t-jje GNP 
comes from info,rmation-relatpd activities. This inform'ation-based economy facilitates 
new ways to pxoduq'e. store, retrieve, and transfer information. These changes in how 
we com muiu rate are transforming* the nation into an information society.' The transi- 
tion has been extremely rapid. and because it has been largely unplanned, with con- 

_ tlnual new unexpected developments, it is an accidental revolution. 

Higher education ill particular has been slow to respond to the challenges and 
opportunities of rapid technological change; Over 2% of the higher education budget is 
devoted to computing, but because.5io:re than half of these funds are for administrative 
applications, there is still relatively little funding for, instructional applications. Yet 
new technological developments will soon put personal computers within the reach of 
every student. The cost of a microproces$or/terminal/typ.ewriter will be equivalent to 
the price of six books, or of a slide rulelijf tH&"lS50-s:" Parents throughout the United 
States are showing their interest in the new 'educational possibilities by purchasing 
:home computers, and in some cases are outdistancing Jhe concern of the educational 
establishment by using PTSA's to raise money to place microprocessors in high 

schools/ . ' 

. _„.■„. _■_ ■ ; 

This report presents a broad view of the national issues and opportunities of com- 
puting in higher education. In the t960's, the last time a study of this nature was un- 
dertaken, the national issues were how 'to introduce the new tool — the computer — 
into research and instruction fl and how to improve access through networking. The « 
problems for the 1980's will require a broader approach to consider how to integrate, 
the traditional roles of higher education into the new "information marketplace" and 
hbw to link the interests of education, industry, and government in efforts to improve 
national productivity. 

A panel of educators and industrialists played a major role in developing a con- 
sensus statement of the issues and the recommendations for action which form the 
conclusion of the report. The primary recommendation is tb develop cooperative prb.- 
grams to work with professional, industrial, government, and educational groups in 
order to support computing in higher education. The 1 panel recbmin ended that a com- 
mission to initiate these activities be established through the National Science Board. 

American education and science play critical, roles in meeting national needs, 
and will be important in aiding the transformation to an information society; The rec- 
ommendations of this report to improve computing in higher education are set against 
these background issues: ' ; ; 

• • Other nations are developing highly integrated plans for accelerating their tran- 
sition to information-based economies through joint efforts of. industry, govern- 
ment, arid education. ' } _ 

• Increased productivity a-nd.trade will baclosely linked to our ability to apply the 
results of new developments in microelectronics, computing, dnd communica- 
tions. 



• The United-States faces a critical shortage of people educatedHo use these new 
tools, -and in turn, higher education faces severe resource problems (faculty and 
facilities) in responding to these national needs. - \, 

• Concern for these issues, and support for the development of strategies to im- 
prove our national position, have been shown by those in industry, government, ' 
and education. ' ■' ' ' \ 



1, INTRODUCTION AND FINDINGS 

"After growing wildly for years, the field of computing now appears to be ap- 
proaching rts infancy. " m ■- — * 

• : PjercaReport, 1967 

* ■' . * 

the field" of computing continues to grow validly, ancfc is still approaching -in- 
fancy. When the pierce Report 1 was written in 1967, aDput.$200 million was being 
spent annually on computing in higher education; 1 bver $1- billion annually is being 
spehtiodaV. The percentage of colleges and universities with either their own comput- 
ers or^efes^to them has grown from 10% to 90% in the last 15 years,. It would seem . 

ye have achieVed the goals set in the Pierce Report for remedying the deceit in 
ibmptrtfng education so^hat lZ No American' need have second-rate':^ 
respect." ; '1 

Or have we? •-- y - — • « 

'• The fastest growing segment of computing in higher education is not, instruction, * 
not research, but administration. Oyer half of the current expenditures are for adminis- 
trative services. The funds spent on instructional computing are approximately $20 * 
per student per year. The Pierce Report estimated that about 30 hours per year of inter- 
active computing were required for undergraduate Use (averaged over all- students). 
Currently, use of midi computers (considering all costs) can be provided for $2-$3 per 
terminal hour, meaning that the "current $20 per student could, provide 10 hours of use 
per year, or one-third of what the Pierce Report recommended; nearly 15 years ago: 
Thus, we are not yet near achieving the goals set in the Pierce Report for instructional 
use. These goals still seem appropriate* when we examine the current use at schools 
s\uch as Dartmouth and ParnegierMellon which have the commitment to. arid the facil- 
ities for, interactive computing. 

1.1 New Issues That Have Developed Since tfie Pierce Report 

J (1) Computing not only calculates but transform's information; Traditionally 
computers have been used in education as research tools, subjects of study; and vehi- 
cles for training students in computing languages. These applications are rapidly broad- 
ening so that computers are used to: • ' 

(a) Aid in instruction (computer-aided instruction and Computer-based educa- 
tion); • , ' 

(bj Edit text and process publication^; ' 

ic) Access libraries and data basesi — ■ , : - 

(d) Communicate messages (electronic maiij- 
These new opportunities provide ac^ionalcapabHitieTrlp accompjishing.intellee^jal 
tasks. Thus we have added new tools to the traditional pen a-nd pencil, typewriter, and 
telephone. " . K. 



1. Presidents Science! Advjsory Committee. Computers in Higher Education (pierce Report). The report as- 
sessed the needs of computing in higher educalion and warned that growth in interactive computing would 
require significant resources. 
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The next stages of computer use will haye'new.and qualitatively different effects 
that will ripple through the frameworks of existing institutions causjng controversy 
' and competijion for.already tighi resources. Opportunities f6r diversifying the educa- 
tional process will arise as we develop new and more productive instructional tech- 
niques through the conHuenceMsf computing, communications, and video disk tech- 
nology. Already we sei a large growth taking place in education outside of traditional/ 
institutions. TuBay/oVer ten billion dollars is spent each year on continuing education 
'[semijiars, training). 

* • » T^exev^l^tion.in computer power (2(5% per year gains in performance for the 
past 15 years)' continues to" create options for new applications. Eaih student will soon - 
be able to afford his or her own microprocessor/terminal. The market for home com- 
puters in the U.S. has grbwri from zero five years ago to J3veif300,000 units per year 
today. Few secondary schools will be without unite. PTSA's today are purchasing 
them for their students instead of (ddtb^l uniforms; this reflects new priorities in edu- 
cation. ( > % ; • - .< 

(3) The current talent pool in higher education capable of meeting the needs for 

instruction and research in computing fails to meet bur national needs by ah order of 
magnitude. Reports from the National .Science Foundation, the Bureau of Labor Statis- 
tics, and computer science groups indicat^that this jmbalance will continue to grow. 2 
The table b§low shows the current estimat^pfthe problem in computer science (nc/t 
including engineering arid other fields). 



AA BA/BS \ MS 



Doctorate 



GRADUATES 33,000 13.000 3,400 330 

OPENINGS 26.000 " 54.000 * { 34,000 1,3Q0 



Scarce : Hamblen, Computer Manpower—Supply and Demand— by States, p. 14. 



r. 



' Thu^ the major- problem area exists above the associate level. * % 
The deficit of teachers at these demand levels, is exacerbated by the difficulty of 
retaining yourjg faculty member-due to4he lure pf high salaries and the availability of ' > 
specialized computingfacilities within industry. As Peter Denning, President of The 
Association for Computing Machinery has said, "We are killing this goose that laid the 
golden eggs. M ' i\ * < 

(4) We*must broaden the framework -fdr discussion of computing to consideVthe 
current role of education in the transformation of the United States from an industrial 
to an information society. Following Machines description of "knowledge produce 1 
Hon," Marc Por v at in 1977 completed an extensive study of the information industries 



2 Science, and fcnkimcring education for the 19ffl s and Bcypftd National Srience Foundation rfnd the be- 9 - 
pnrtment of Education U S Bureau of Labor Statistic s Octiipationa/ Pro/rctions and Training Data 1973»ed 
Bulletin 3020 Washington- GPD. 1979 Rejuvenating Experimental Computer Science A Report tp the l^n 
Uohdl Sciem%,Foundatiofi and Others.' |erome A. Fold man and William R. Sutherland edsi; "A Dipcipline/in 
Crisis: A Report," Pe&rJ. Denning ed. ' 




and their importance to the U.S. economy. 3 He showed that the predominant occupa- 
tional distribution has shifted in the" last 100 years from farming to industry to informa- 
' lion handling (Chart 1-1). Information processing has become the dominant national 
^conomic activity. Information activities (both direct and indirect) now account for* 
over 46% of the Gross National Product, and over 50% -of the labor, income is now 
earned "by information workers. ^ 

Information is*the foundation of organisations and the essence of education. 
How information is gathered and stored, who has access to it, how it is used— all these 
affect the structure of an institution. Porat pointed but that the lines separating institu- 
tions are blurring doe to the changes in the distribution processes: 

A banker,.a newspaper publisherand the Postmaster General do not fancy themselves in the same 
business. VeLthey are all information brokers specialising in the retail packaging and distribution 
of (unlike) information services. Function and>form are conVerging, driven by a convergence of ; 
technologies. 4 r 

Business^and industry are fast realizing that the computer is not a "computer" 
for calculating but a tool for information processing. New applications of these infor- 
mation tools (computers, communications, and software). reflect new opportunities to 
L^P r _ 0VB J^oductivity ^nd efficiency ofjhis segment of our economy, which in turn 
affects ajl other sectors: - 

These changes are leading to what has been called the "information society." 
Other nations have identified the links between -education, computing, research, pro^ 
ductivity^and the information society and are planning arid investing to achieve new 
economic goals. The Japanese have an Information Society Plaji, the French have a 
Plan "Telematique." The United States is just beginning to identify the roles of, arid 
the relationships between, the different sectors in this transformation: 

1.2 National Goals-and Computing in Higher Education 

" lUe current shortage of computer scientists highlights the relationship between 
computing in Higher'education and national needs. Not only in computer science, but 
in all areas.of training, research, and instruction, higher education c&rttributes to iia- 
.tipnaLgpals irLproductivityi trade, research, and citizen participation in spciety. As our 
• economy becomes-mcreasirigly dependent on the production and distribution of infor- 
mation services the many- roles whicrj computing plays in higher education will be- 
come more important to our national welfare. 

_ : However, if computing is to mak£ significant new contributions to educational 
and national goals, there are three problem areas with which we must deal: 

InstrtictiofT" - A : ' ' 

- j \ Technological innovation has createdrndny new educational methods, but these 
must be carefully assessed in order to ensure thaUhey increase productivity and thai 
an Environment conducive to their diffusion is provided. Also, there must be more 
incentives for individuals arid organizations to develop instructional materials. 



. 3: Marc UH Pomffhe Information Economy. 

4; Porat. •'Communication Policy in an Information Society," in Communications /or Tomorrow, Qlen O. Rob- 
inson od;. pi 28, ■ 



Resource Sharing ' z - * 

With the growing iriftercjripendence among educational institutions and among 
;.un#ersities and incl.ustry r .new strategies lot resource sharing rieed to be, developed.. 
^Capital investments most also be made for very^terge computing facilities, and access 
lb these new tools must be provided. : . " . ; 

Resource Conflicts : • 

Although allocations for computing have grown significantly, arid student popu- 
lation is remaining constant, the revolutionary growth in computing applications is 
-causing severe problems in reallocating already-Scarce resources j|o; > in|enEene^S'T5r ,< 
computer access; Institutions 'most assess their new needs and attempt new ap- 
proaches for solving these problems. 



Chart 1-1.. 

' the Growth of Information Occupations 
•US. Work Force 1860-1980 
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Source: Porat ,*Th€ in formation Economy, Vol: i;p. 121 



WHUe information technologies are Hp wishing in business, industry, the profes : 
sions, and the government, the field of education had yet to take full advantage of the 
riew tephnoTogies.J.tl. R. Licklider notes; * i ; ** „\ ' • 

Education is not qhly missing a great opportunity; it is failing to discharge a crucial responsibil- 
ity» The . worjd is rapidjy ftioy jng into J he _ N rif c i rrnat S i on^ age / '_ In ord er_ to jnafce i the Jransit ion 
wisely and wejl, the*public must understand information science. and technology. Peoplevmust : 
'master/the technology or be mastered by it. 5 - * , > . , 

4.3 Findings ' . , 

. . 1 The stUiiy's objective was to identify trfeTiatioliattsW^ arid higher 

education: ^ . • ' ' 

r .. Thefiridings.are: .... . \ .'.^•.L 

(1) The nation is iri Jhe process of dramatic change in, its economic arid social 
V framewdrl^fTorn an industrials an information society, : a ; «_ : 

- (2) Ed u cat i on has an impojrta nt role in th is tr.ans,format ion. . V.^ 

(3) Federal government intervention, through points at which research supp&rt 
or incentives will aid mbre rapid diffusion of computing 'technique^ ^iJ 
' . thus result iri increased productivity, research, and; trade], will be inipbr^t; :. 
\ 0 (4j There are strong press tares which will push government, industry, ami eptjr 
- . cation into exploring new arrangements for productive relationships. Tjieir I 
individual roles.are no longer so widely independent. • 1 , ; H : T 

(5j Computing and information processes in universities wl^j require pifflprig "■ 
■ .; and awareness by faculty, students, §nd administrators. Reallocationvof al- 

ready limited resources will continue to i be necessary. ; ■ 

'* (Bj The primary national issues for corrtputing in higher education are: < 
(a) Contribution to national gpajl 
■' (b) Public computer literac^/^brilpetency . * ■ . 

* (cj Resource sharing and incentives for diffusion 
' : (d j Structural and organization changes in higher education 
(e) Ne\v options for instruction v 
- (f) Research support ' ; • V 

• . ^ . • * . ■ , % ■# 

1.4 The Accidental Revolution • ' 

9 VBI L_ 90 % 9^ the^ institutions of higher educati on have computer services 

* (through their own computers or access toothers' through terminals) available which 
are used in^tnstruct ion, research, and administration. Today over 50% of the high 
schools in the country have computers, and wj,th the rapid introduction of micropro- 
cessors arid personal .computers we c§ri expect that by 1985 over three-fourths M high 

* school students will have some experience with computing by the time they graduate; 

« This is an accidental rather than a planned revolution. College and university 
. faculty and adriiihistrators are aware 'of the changes but unsure of what the revolution ' 
means to theiri. Should they expect to see gains in productivity? Will additional coiri- 



•'5..j«C.R. Ljckjider, '* Impact of information technology on Education in Science and Technology!" in Techno)- 
' Ogy in Science Education, p. 1. ■ 
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puting improve quality (at additional costs!)? What are the incentives to develop in- 
structional software? Who will evaluate it? How can schools share resources?" 

', We have used the subtitle "Accidental devolution" in order to emphasise the 
unplanned nature of the sweeping changes brought to higher education* by the intro- 
duction, of .one ofjhe first new intellectual tools since the printing press— the com- 
puter, 

. , ■ / 

' ' 'T9 e revolution is aecidental because the introduction' of this new tool does more 
than imprpve the productivity of the existing process— it challenges the assumptions 

' which we unconsciously make ab&ut the nature of work and learning.-What will edu- 
cation be like in i990 Whpn terminals are portable arid when computers, with the 
power found today in ojil^large systems, are in each home? Will we be able* to retHink. 
the library— not as a repository for books but as a system for providing access to 
knowledge? " ' , : * 

' " A popular phrase todfly is t he "reind.ustrialization pf the nation. * But in order to> 
M reindustrial.i^:e ,, we^vvifl^eed trained people and*advaneed research facilities to carry 
out the-Ghanges. Therefore, we must modernize our universities and" colleges so. that 
we Qah'pmduce the taleht^the intellectual capital— required for national growth. 
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2; APPROACH 



2.1 Objectives and Beginnings 

In 1977 when a simple growth model for interactive computing at the University 
of_ Washington showed that the academic computing budget would have to increase by 
a Factor of five, we realized that there was a, local problem. 1 After discussing the prob- 
lem with a number of academic computer center directors at the annual Sriowrriass 
Conference, we- realized that it was a national problem. Academic computing had em- 
braced the_goal_of wide-spread Interactive terminals for instruction and research but it 
was not prepared to deal with the costs of implementing that goal; 

While discussing alternatives for confronting the resource issjie we reviewed a 
number of past reports. These reports-highlighted the value returned to the nation from 
' the NSF capital investment program iri the '60s which encouraged theiritroduction of 
computers iritp higher eduqatipri by providing matching acquisition funds. The pro? 
gram, which had #gfagnificant impact oh hjgher education, 'had these accornplisFi- 
ments: ' ^ 

(1) Amerigari research capabilities improved through t)ie initial use of the new 
• . 'tool. 'the computer. - * *, . 

(2) Striking ^ Innovations in computing in universities led to major products' 
(timesharing, networks, new architectures); 

(3j Wide use of computers in higher education provided qualified graduates for 
- industry arid government. 

Trie objective of this study became an aria lysis of the_riaHbrial goals arid issues 
today. While there have been reviews of the cbritributibiSs^f; arid opporturiJties for\ 
computing in particular disciplines (for exampje.^he Carnegie Commission study of 
instructional tecKnology and the Feldman Report on Computer Science). thFre have 
•been no recent efforts to examine the overall effect of computing and the interplay 
between the many computing applications. ' ■. - . . 

Coulfl ive Identify the opportunities toddy thai would offer the same potential as 
the opportunities seized in the '60s? • * 

2.2 The Steering Committee and Consensus PaneF 

A steering committee of people familiar with a variety of issues in computing 
anoT higher education and witfi special areas of expertise was forrped to advise the 
k principal investigator and to review both the strategy and the results of the investiga- 
tion. _ . 
-J In addition, a Consensus Panel drawn from education arid industry was con- 
vened to consider issues arid recommendations for meeting national computing heeds 
and to participate in developing this report. The panel issued a consensus statement 
and recommendations which are inclnded a;s Appendix A. ^ 

The participants on the Steering Committee and Consensus Panel ur« fisted at 
the front of this report. 



\ riU?! liioflf?) vvtijj tmismt ftii uiul^iftimluttiti uhj* of (lii;.;; uVaWVi H<nirs dm ..ill) tiiul Kt.nluat«' iiiiil t.n uh> wmj ol 
sU t^piuiini hours month (u.sit^ Dartmouth inmi<'.s|. 
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Chart 2-1 . National Reports on Information Issues 
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2.3 Definition of Issue i^as { 

( 1 ) Literature Review 

-An expensive review ofthe literature on issues of computing and higher educa- 
tion led to the bibliography included as Appendix B. One of the principal objectives of 
the literature review was to identify previous efforts arid rec^imendations dealing 
with national information and computing issues. Examples of previous reports and 
studies are shown in Chart 2-1. 

(2) Survey ^ ^ 

A survey instrument to assess community reaction to thestatement of issues was 
widely distributed to groups concerned with higher educatiorif including the Associa- 
. lion for Computing Machinery --Special Interest Group for University Computer Cen- 
ters, selected computer science department chairmen, and the Association for" Educa- 
tional Communications and Technology). The suEvexi»stfument is presented as Chart 
^2-2; The survey was arranged as seven Questions Identifying issue areas with potential 
programs.. 

(3) Visits To and Review of Other Countries 

Visits were made to Englajid. France, and Germany to investigate foreign ap- 
proaches to the issues of confuting and higher education and to determine the differ- 
ent national structures and approaches to the issues; The literature analyzing other 
national strategies was surveyed. ' • 



Chart 2-2. Survey Instrument , ' ! 

Issues and Opportunities: 
Computing and Higher Education 

^ . As part of a National Science Foundation study of computing and higher education, we are 
attempting to identify the major fssues ami to formulate recommendations for dealing with these 
issues at the national level. A Steerjng Committee has agreed upon seven major areas' and has 
suggested these prograni^r action. « 4 " 

Before affinal report is made To NSF. we would like to. achieve as wide a consensus as possi- 
ble. ■ ■ • _ • ' . ' . / 
•■ • * .• " v- . , _. . . ■ ■ _' 
; p,e * se lak ° a few minutes to write yqur reactions and comments on this worksheet: Are there 
issues which you feel important that are n&t covered? ; '■■> '"»."••■ '* 

y-Feel free to make copies and to distribute them to persons you think may be interested. You 
may retiirn this worksheet (by refolding to address) to: • 

Robert G. Gillespie \ ■ ; 

Vice Provost for Computing 
AG-75 . • 

University of Washington , . *. * * .;■ : : 

Seattle. WA 98195 
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1 Who can state the issues and develop strategy to achieve national goals? 

• No office today is charged with displaying the issues, the data or the approaches that should be 
followed on the national level 

• Revolutionary changes are occurring in society, but there have been no coherent efforts to ad- 
dress the issues of technology 'find to articulate national policy towards increased productivity 
and opportunity. '■' 1 

• In particular. -the critical. problems and issues where computinglind higher education affect 
achieving national goals have hot been identified. 

• The sectors of government, industry, and higher education (with its components of facility, 
administration: etc:) will need clear roles arid opportunities for interaction: 

. 1 , 

Possible Programs 

• Establish a national commissidn with representatives from different groups (industry, educa- 
tion, government) to consider national issues and to support efforts to develop goals. Activities 
may include gaining large ffiundatibn support JCarriegie, jHbaji, e.g.) and sponsoring reports, arti- 
cles; PBS programs, etc. which address.national issues of technology. 

• identify goals for government agencies, particularly the nfcw Department of Education, NSF. 
an4 NAS which would be responsible for program s-of aefiori. v _ 

• fdenfify tha posslble^roles and areas of interaction for the dRrerent sectors in developing pro- 
grams to meet computing needs. - ^ 

2 Instruction 

o ... > 

• What- is going to be taught to whom about computing, and at what level of instruction? 

• We need more information and programs for assessing the .usefulness of the new technologies 
and for integrating computing into the curriculum, both into trie various disciplines and intagen- 
eral instruction on computers. « - • 

• With what incentives and structures do we accelerate the use of effective approaches? 

• There is a critical need for teachers Who are familiar with computing; training requirements 
need to be identified. > o . - 

Possible Programs .* . 

• Sponsor revised curricula based on deep computer penetration jnd use. 

• Develop programs which can be used as models for total deployment of resources. For exam- 
ple.. _ass less merits of centers of excellence' candid in the planning of more widespread' instruc- 
tional computing programs. • : 

• Promote classroom (design) modifications to accommodate the easier use of new technologies. 

• Regional training centers for faculty to Exchange information and* develop skills in the nevy 
technologies. ^ A 

- ■ » : 

3 What are the national needs for competency in computing? 

• These heeds full 'into three categories: Educational requirements For quantitative levels of com- 
puting: training programs to meefjndustry's needs* computer literacy for the public. * 4 

• Measurements to achieve levels of competency are heeded (possibly in terms of terminal 
hours). ■ * • ' 

• Efforjs «re needed bulh to asSte* liiv computer's impacts on society and;to teach students about 
those issues. . * , - . » 

- -) > 
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• Resources will be needed for fulfilling these training and educational requirements, and the 
responsibilities of the different parties (government, industry, elementary, secondary, and higher 
education) need to be understood. 

Possible Programs 9 s 

• Sponsor continuing collection and dissemination of data describing computing in higher edu- 
cation and the needs for industrial training. 

• Encourage more interaction between the various parties responsible for training (higher educa- 
tion, government, industry). 

*• Devoid working definitioris^f computer competency appropriate to the varying heeds. 



4 Research 

• The computer is both a subject of study and a tool of research in ail fields. We need to under- 
stand what levels of support fed what special' facilities will be required for furthering science. 

• Wbo shouid support these facilities, and to what degree? What present Federal policies^imit . 
the effective use and penetration of computers? * ; 

• Research is needed in the broader information sciences and in the technological impacts on 
society: 

# * . ■ ■ *■ - »■ . 

Possible Programs : r \ .» * . : 

• Strengthen support, by developing more exact estimates for the costs .(hardware arid software) 
necessary in order to formulate programs of support: . * ' ^ ' 

I* Assess the impacts of new uses of office technology (e.g. microcdmputers) on research produc- 
tivity. . ; , , 

• Encourage resource sharing by industry and federal agencies 'to permiVuse of specialized re- 
sources (CAD/CAM, vector mach(nes) to meet university educational goals* 

• Create new large-sea ile'regibhai resource centers: . 

• Expand to significant levels the amounts of research into computer impacts on productivity, 
social changes, policies. v 



5 How are educational institutions affected ky the growth in requirements for administrative 
computing arid its broadening scope as information management? 

,• The most'rapidly increasing area of computer usejn higher education is administrative com- 
puting. Allocations for computing from total resources, and their effect on educational goals, are 
pressing issues as ADP clones to have higher priority. v 

\ Universities srid colleges need to understand the solutes ano^ varieties of demands, especially 
as they approach issues of automation and improved faculty administrative support. 
;• Who cart afford the Unproved productivity? 

Possible^Programs : " 

• Differentiate bjHween the computing needs of administrative and academic applications. (Dif- 
ferent kinds ofcomputing are needed for the different constituencies.) 
Sponsor demonstration programs for improvement' in productivitylresearch, administration) 
v through applications of qffic« automation. • * 

• ■ * - : t - 
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6 What can be done to improve the elective use of ou./ national information ano^ computing 
resources? ';' y c 

•"Resources need to 4 be identified, and then the mechanisms which provide incentives and/or 
limits to sharing need to be studied^ j \ 

• Computer network or communications support may be required, wifh the Federal government 
(and its regulatory agencies] and industry playing important roles. 

• National information resources are located in both libraries and computing facilities' data 

bases; problems of access arid integration need addressing. 

• ' . ... j 

Possible Programs * 

_ . _^ _____ . §.... •_ _ __ % . 

• Federal government support for the basic establishment of networks for the exchange of re- 
sources. * < ' . 

• Congressional action to facilitate joint efforts and sharing between industry* and higher educa- 
tion. ; -J . • • . . r ' 

• Support the electronic industries' proposals For, inceniivepjo promote research and develop- 
ment; /**•.-.'. 

• Establish a forum for addressing issues which limit resource sharing. 



7 What are the organizational and/or structural impacts on higher education? 

• Technical changes will impact the structure and organisation of the university: the extent' to 
w^i^jMy will *(f?ctjaculty_, ad mini strati on, and budgeting is unkribwn^We heed more uhder : 
standing of how changes ill the kinds of instruction (e.g. continuing education, at-home instruc- 
tion, retraining needs] will affect the structure. ' 

• There should be a clearer picture of how much centralization is needed and how the functions 
of information management, library computing and computer centers are related; * ; * 
- - v ■■ * 

Possible Programs 

• Develop curricula for continuing education, with the aid of professional groups and assess- 
ments pf national needs. Develop programs to accommodate the displaced. 

• Encourage research into Jhe structural impacts on universities' pilot programs to evaluate pro- 
ductivity impact on the uses of terminals by facuHy for communication and textual use. 
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3. BACKGROUND 

3;1 Over 15 Years Since the Pierce arid Rasser Reports 

whirt^ R ^\ provkh,d 9 8 ene ral view of computers in higher education 

(1) Reinfcm:ed thp-WSIief that Computers were important in all'of education not 
lust in a few Specialized fields; ' . .. 
f (2) Provided a simple measure for expected cost of academic computing 
($60/year per undergroduufe stutlenr): . . 
(')) Emphasizedthe need for interactive computing; 

14 j Stressed the need to remedy the computer deficit in undergraduate education 
by signihcantly.increasing federal support in order to bring the total invest- 
ment in instructional competing to $414 million in 1972. 1 
. Jh'- Rossfr Report, cbmmissioned in 1962 by the National Academy of Sciences 
and the National Research Council, emphasized the link, between growth in the sci- 
ences engineering, and medicine and the shortage of students trained as computer 
users.- It recommended doubling the amount of commuting in higher education be- 
tween 1964 and I960 by doubling the federal share of campus computing budgets. 

• Even though the budget for computing in higher education has increased b v more 
inaM a factor of six since 1964: ' 

ID The federal share has declined significantly-contrary to the expectations of 

" me Pierce and Rosser reports; and 

'(2) There is still a computing education deficit. 

3 2 ^mblen's Studies Show Rapid Growth and Declining Federal 

_ i - - 

" Dr. John Hamblen conducted four surveys on the use of computers in higher edu- • 
. cation. These surveys show that expenditures on computing for all applications have 
grown-from $221 million on 1966-67 to $1,301 million in 1980, with the cost per stu- 
dent increasing from $26 to" about $135 [Chart 3-1). That does not mean that the Pierce 
goal-of $60 per undergraduate for instructional computing has been reached. Over half 
the expenditures are for administrative data processing: Chart 3-2 shows that the pro- 
■portion devoted to administrative data processing has been growing rapidly In the Past 
ten years. ' -" ' v 

While funding Jot computing has grown significantly. Hamblen's data show a 
slight decline ,n federal dollars (without.cansidering inflation or advances in comput- 
ing power^er dollar). While the amount of federal funds spent on campuses has re- 
mained roughly constant at $80 million per year (with no corrections for inflation), the 

— - V 
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percent of federal support has dropped from 28% to 7%; Of course, some additional 
federal investment is hidden in individual program budgets where computing facili- 
• ties in the form of mini- and microcomputers are part of laboratory facilities. In gen- 
eral, however* federal expenditures are primarily for. research computing in support of 
federal grants arid contracts, arid hot for support to develop campus computing ser-i 
vices. \ / 

This low investment is in marked contrast to the capital investment program 
begun in 1956 to provide seed funds for computer facilities. From the initial grantsrto 
Oregon State, MIT, and Carnegie-Mellon the §I_SF program provided over $70 million 
through 330 grants to 184 institutions. Since the institutions more than matched tie 
grants, the total ihvestmerifrepresehted^a quarter of a billion dollars. 



Chart 3-1. 

Computing: Estimated Total Expenditures 
and Cost Per Student 
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Chart 3-2. * [ . 
Distribution of Expenditures 
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3.3 Congressional Attention has Focused oft tfie Potential foe 
improved Productivity in Education 

• - In 1977 the Hoiise Subcommittee on Domestic and International Scientific Plari- 

• ning, Analysis, and/Cooperatio.n held hearings 6n the them,e of "Computers "and the 
Learning Society." The major objectives were: ' •> ^- . * 

Jt j To compare achievements iit the computer-based education field against past promises; ' . 

• [ 2) To Bxamine what , technological developments rrughi be>exj*icted in the future and what might 
be an appropriate role/or the'Federai Government to.piay.* > • ■ _ * » 

>, ; * -_ ■ * "v • ' 1 * ■ * 

Testimony arrd comments were directed tSlhe use of computers in education as fools 
• ' to improve the learning process— not as scientific instruments or as tools intiisci- 
... plines.. The^committee recommendations included directing federally-sponsored re- 
search in courseware and instructional theories, sponsoring regional demonstration or 
test centers, fed establishing a Federalttommission to develop goals and to estimate 
funding reflilrrements: . : . 



4. Cungruss. Hau^ SiUtwiiiiiiiiiL ui Si >,m|{. AiWy.i*, u..J Cooperbiu,,! u»i.pGI«iS UM the 

&arnit% Society, p 5. *~ «J ' k 
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"* In October 19^9* Hearings were held by the Subcommittee on Science/Research, " 
* andTechnology to dismiss HR4326, 5 a bill to create a federal commissioti to study the 
scientific and technological implications of information technology in education. Ad- 
' ditional hearings yirere held byjhe Subctifcrnittee on Science! ^Research, arrtl Tscffiipl- 
I qgy arid the Subcommittee bnSelecf Ectucatiph in April 19^0..® ^r^Kfh of the hearings 
the question of computing and edufcatfqn broadened to general discussion of the 
changes in education due ti^techiiolgBjr: ' ' \_ * * [ \_\ . ■ " " 

Wh^le no congressional action was take?! on any of the- recommendations m 1980, 
re ir continuing interest Gne example is the current bill to establish per§ona^com- : 
ing center^ for instructional uses around tfte country. " 4 . * ^ * ■ 
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3,4 "New Computing Technologies are Providing New Opportunities 

l Computer use in higher education has. expanded from a narrow base, of scientific 
and administrative applications in the '60s to wide penetratjon thxoughouOhe curric- 
ulum today. Thi^evotution also involves a change in the concept of S^ cb'Ufputer as a; 
/-foagljine thatcalqulates to an informati^n-Jiaxidler thdt jproy^des a means of transform- 
ing information. 0ne example, is the availability of teSKt-proc0ssiri^ facitijies for studejit 
• use. Text-processing is more than a substitute for a typewNterVit reduces' tlfe friction 
which holds students back from the benefits gainerdr by rewriting their paperS. Students 
are n^dw* much more likely to Writer. Into continuous dialogue with their instructors by 
rewriting ajter receiving commehts* > ' . ■. * 

•New instructional opportunities are ejrriergirig as computing, communications, 
, arid videp technologies combine. J. C. R. Licklio^er said, "The fact that major segments 
"* ' of computer technology and communications technology have irreffept merged greatly** 
injJeases the inr>irisic T xapabihty' , of information technology to support educatidn ap- 
• • plications."* For example, trje development of video Bi^ks (holdiog between 50,000- 
i 100,000 individually accessible frames— equivalent to the entire Encyclopedia Brit- 
^^nica^ig miXt-bres of sound and Video used in combinations under microprocessor - 

control) as i instructional' aids i is'just beginning. 8 • i 
.v _ The merging of information technologies will dlso change t hp function of libraries, 
f of they writ become a way to access great stores of iiifortfiatio'ti.' The library as a 
method for transmitting apd disseminating loibwledgq existed lqng before the printing 
'• press. Jtowevex, if we continue to concentrate oil books as our' major information 
aouice", w'fe wrlj mrss the true objective of using information effectively, As the pablish- 
' ingrindn^tfry/itself changes (S it- has already, due to the jjerox process), do all libraries 
i " ^ e ^formation isSconipiiter generated during the printing process, 
*' # wfib^9uld have access to the tapes* . ' *' ' ' • *■ 

r , — _.«. — — . . ... _**._ <>• . 

' * 5^ ^J,S. C(JngVb<»s. House Sub. .oiuiiiitttHi un 5C.i.^I^^^uii^Br( J h^aml/J'tH.hu«>luK> Jn/uiiniiii.»ii mul (.miuinmi. u 
v fiwis Ttn hnoloWta Appropriate in Education fjnt/uding H I] jJ26) 

_U-S (lonjrttsa. Mounu Sut>i.umuiitteQ6 oi^St%iiL<s.^esudrt.h. and 1 tjJhndl^Ky an^ou .Vluu hih.. ,.iu»u Ih/mi 
P rrftffhJO 7'ri.hiioloxy in Education . , ' Y 

1 7 Ibid . p 9/ ,< ■ _ - 
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^CTORS^HOVV CDMPUTING ^AFFECTING HIGHER 

4.1 The Strueturefcf Use in Higher Education 

The fundamental (but blurring) divisions df computer use in higher education are 

instruction, research., arid adminijstratibh, 

\ ...» ► i 

(1) Instruction • 

Computing ranges frbm a subject of study [computer science and electrical'engi- 
• neering) to a too] /statistical and data analysis routines] to an aid in 4 he instructional 
process (computer-aided instruction. Student use of the computer » an information 
facility is growing as text editing families allow students to write and revise papers 
much more easily. 'In addition, substantial new student participation is provided 
through computer simulations to thodm change and growth. 

• The mosi desirable form of instructional computing is with interactive terminals 
which provide immediate feedback. There are many options for. providing this Service 
ranging from independent microprocessors to intermediate minis to very large time; 
shared systems; Unfortunately, there is no simple algorithm for selecting the best' ap- 
proach for providing interactive services 

■j ; • . > 

(2j Research 

While there is no distinct division between iifctruction and research (are indepen- ' 
■ J P ?' ,! '' tS and ,heses res,!arch or instruction?), research use of, the computer in- 
cludes both in-the-laboratory use of micro- and minicomputers tor control of experi- 
ments and acquisition of data and, massive (or never enough) cyiuputing resources fof 
complex analysis .and simulation. Computing options at campuses include indepen- 
dent computers in departments, access to large central facilities, and use through 
telecommunications networks of facilities at national laboratories, such as the vectqr 
machine at the National Center for Atmospheric Research. .'. — 
, (3) Administration 

The Fourth Inventory of Computers in High,-, KUuc.uu,,,,. Ai. interpretive fteport 
based onlhe Hamblen surveys, shows the following areas for administrative data pro. 
cessing/: Admissions and Records, Financial Management Planning. Management and 
Institutional Research. General Administrative Service, Logistics and Related Services • 
Auxiliary Service;* inHncial Aid. Library. Physical Plant Operations and Hospital.' ' : 

The most striking aspect of administrative computing in higher education isMs 
growth: Over 50% of funding tor computing in higher education now goes to adminis- , 
tration. This penetration reflects the need for improved productivity in administration 
-the enlarging optjojis for use of computers, and the increasing demands by state and' 
-federal government for information. 

4.2 Ways iq Which Computing is Changing iiighei fcdut alioii 

Before assessing the national issues and theh impact on higher eiilioali.,,. Uoii 
as the new opportunities, we will review from a broad perspective the general '.vays in 
which computing impacts the educational system. 



( Harlos K Thomas '\dmhn n ji ^uv«; IWii t ^m^aoUi* i-i i i . ,■ 

Compilers in Higher Education An i Jiiicrpnjtiv t! Hv.pn'ti 
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' ! n the race towards maximum and efficient use of information resources, compul- 
sing has arrived at the starting gate with not one but many entries. That is^in the at- 
tempt of colleges and universities to provide information services computers have 
CQme lo play many and varied roles'; they affect both w hawser vices are offered and how 
/ these services are delivered and supported. Computiqgjji education has evolved from 
( a process For contributing to scientific advances (which justified the early NSF capital 
programs to introduce computing) to a diverse set of iDfeffftatidn processes. 

There are many ways to integrate the three application areas (instruction, re- 
search, administration) into one institutional system, as wellas many patterns for alio- 
^ eating supporting resources. Nonetheless, most universities pfcss through evolutionary, 
stages in computing as the use of technology increases; 

The penetration of computing generally follows three stejps: 
(l)Computersare first u^ed as' replacements for manually performed functions; 

(2) They become tools for new kinds of tasks as new capabilities for computers are 

•• \ found. ' 1 

(3) Computers become structurally integrated into the system. Thjs occurs (it is 
beginning to happen at some schools, and will continue to occur at an increas- 
Y f y % pace) when computing is.perceivecl as a fundamental element in providing 
• ■■ ; inlbrma|iDn services; and as such actually changes the structure for'providing 
thds^aryices.^ "; ' . : v . : 

\ ^ ii^jus^of technology diffuses within tKf educational system,, the choices for 
V^c^j4jn8 a S9Cvices become more numerous and "the process of planning becomes more' 
pmplex. Eton though the number of institutions and students will remain relatively t 
stable over the next few years, computing will be> dramatically unstable as Use in- 
creases to meet the'needs of computer literate students and for increased research ap- 

- plications. This instability is heightened because the growth of computing is itself an 
unstable process, with its change from^a high cost, centralized activity to its wide- 
spread penetration in the mass market. 

Al the same time that computing, as an outside iniiuence; penetrate the edui,a 
yS™.! svslera lnere are three factors that'have a significant impact on how this technol- 
ogy is diffused wrthin higher education.These influences are: 

+ 

(1) The support structure for providing computing resound l;ocai (state and pri- 
vate) and federal agencies, state boards of education, faculty, professional soci- 
eties and administrators all have roles in determining where ano\how com- 
puters are psed . ' - 

[2) 7 he ^evef of unu\;ta(uiii//jijj uiid acceptance of COrnpUtt.rs wiiliiiifcii Institution 
Decisions about how to use computers and what equipment to buy are affected 
by what peorije know and 1 by their access to inifoimation. 

[3J The CoiJipUtrn^ .services provided. The selection of services 8 [>*u.U \ a in 
teractive. micros vs. minis) and their support will affect the direi (ion. impact, 
and rate of diffusion of the new technologies 

4.3 Costs for Higher Education 

An estimate of the t.oata ioi wtdtoj.i a..A i.ii. i ^ii Z uu.,;, ..ling i \Y X \\ i i ad 
Using the iiuhibtir of expected terminal hour needed II the average \\\ un ,chool 
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across all dJ^clrjjihefs is assumed to be 3'#ioiirs/student/inon[h, then considering the 9 
million student^ 27* million houWmonth- will be-required. Currently, these hours 
could be provided by "niidi" systems whose cost is approximately $3/hour including 
all-equipment, phone lines, etc. Thus the instructional support costs (for 9 months of 
the year) would be about 9 mpnths/year x $3/hour *x 27 million hours/month = $729 
million/year, which is several: times the amount spent bit ihstructionjU computing to- 
day. This estimate does not consider the software costs for curriculum development, 
so this usage estimate might easily be exceeded; 

While technology improvements will help to reduce these costs in the future, the 

increased- .^oljpware costs needed to match new hardware capabilities may leave, the 
estimate coftfcbint. fhusi significant additional resources will be required, to come 
from eithpr reallocatiori of current funding or from new fundfng — student fees, contri- 
buftons\ federal suppdrlve^c/; * , :: — ' 
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5; LIMITS TO GROWTH 



New demands for computer use and training are compelling institutions of higher 
education to address these bdsis issues: & • . *• 

• Who will teacfi computing (both as Subject arid as a tool)? , \ ; 

• Where are the curricular materiajs? 

• What equipment and resources are available? 

Expectations and demands for increased computer capabilities arise from two 
sides: from those who will be entering higher education and from those who will em- 
ploy the college graduates. Universities and colleges will soon be facing a wave of high 
\ school students wjth some computer training Who will have high expectations, for 
computing in college. While estimates of the numbers of computers in secondary 
schools vary widely, Dr. Arthur Luehrmann estimates that over ?0,000 computers are 
r — nc L w Jg nsB ^ with an additional 5Q,Q00 microprocessors to be added in 1981. 1 Many 
J ITigh schools are receiving computers as gifts from PTSA's. These actions show that 
parents put a high value on computing education (outdistancing in many cases the 
concern of educators and legislators). 

The following sections address some major factors that will limit the growth of 
computing in higher education other than the need for funds to acquire computers. • 

_.. ___ ■ j 

5.1 Personnel Projections Reveal Severe Problems in the Computing' 
Field 

All projections of the need for computer scientists and computing professionals 

show that the U.S. production of these specialists (and of the teachers needed to train 
them) is woefully out of balance. Chart 5-1 shows that the need for computer science 
graduates is out of balance by a factor of ten at the Master's and Ph.D. levels. Not only 
have enrollments incomputing classes soared, but schools are finding that their ability 
to respond to these needs is blocked by rapidly climbing salaries and the attractions of 
industrial and federal research laboratories with up-tb : date equipment. 

The Bureau of Labor Statistics estimates that by 1990 the general need for com- 
puter prbfessidriajs will exceed the supply By a factor of three. 2 The recent report to 
President Carter by the Secretary of Education and the Director of the National Science 
Foundatipn on the condition of science and engineering education in the United States 
highlighted bot^ the low sc[ence education in the United States compared to other 
countriesrand oilr increased needs for the future. The report revealed that the problem 
is particularly severe in computer science. 1 * 

^The Snowbird Conference of Computer Science Department Chairmen and papers 
such as the Feldman Report have focused on the capital investments needed per fac- 
ulty member to support the requisite research facilities. The capital investment re- 
quired for a high-quality research program is estimated to be over $50,000 for each 
faculty member. 4 

i; PHvatp communication, based on i esHmates from manufaclurors. ' 

Z U.S. Bureau of Labor Statistics; Occupational Projections and Training Data, 1978 eri.. Bulletin 2020. Wash- 
ington; GPO. 1979; 

3. Science and Engineering Education for the ? 1980's and Beyond. * 

4. "A Disciplined Crisis: A Report." p. S. 



Chart 5-1. • 

Computer Scfence: Demand arid Supply 1979 
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5.2 Instructional Material 

The development and evaluation of good curricular materials are particularly im- 
portant when computers are used in instruction. Since the time required to develop 
computer-aided instructional material may take from 100 to 1;000 hours per terminal 
hour. Serious limitations are placed on an instructor's time. Furthermore, incentives; 
for faculty members to develop computing curricula are few: in tenure decisions the 
development of these materials is not always considered important; In addition, ques- 
tions of ownership, patent, copyright, a*nd distribution affect the financial incentives. 
It will take years before these issues are as well resolved as the principles of author's 
rightsjn book publishing. 

5.3 Training and Retraining 

The, penetration of computing in all disciplines is very much affected by the train- 
ing (or time to learn) available to faculty members. Since the best incentive for learning 



is normally peer pressure we can see that new techniques evolve more in fields where 
the application of computers is direct, such as in the physical sciences. Change in 
other disciplines proceeds more slowly "and is more directly affected by the opportuni- 
ties for faculty members- to receive training and release time to restructure their 
courses. ■ 

The current high number of tenured faculty in many, fields means that the younger 
instructors who could be the source of greater innovation may not be able to find posi- 
tions. Thus, strategies for retraining should be even more important. Teacher colleges 
also will need to place a higher priority pn computing so that new instructors will be 
prepared to meet the demands of thegrowing number of computer-literate students. 

5.4 Resources and Allocation - - 

Introducing computing into new areas of higher education is more than acquiring 
computers. The need for more telephone lines, networks, building modifications, and 
new classrooms will initiate significant conflicts over scarce resources. Additional 
space; which may be as important as new funds, is already at a premium in rrio^t uni- 
versities. Indeed, space is-often more difficult to obtain than funds because of the long 
D lead times and the difficulty of rewiring classrooms for telephone access: 

pi 1 oc a t io n problem for computing on many campuses is exacerbated by the 

conflicts over resources between administrative and academic computing. Unfortu- 
nately, the decision makers on a campus can see more directly the demands for, and 
the result of, improved administrative services; academic, particularly instructional, 
•needs are rarely able to reach the §arhe level of priority. 

The problem is partly a budgeting and planning issue. For example^the library 
will often apply. formulas for establishing base budget/ based on the numbers of stu- 
dents arid other factors. Few formulas exist today for allocating computing funds. This 
(jjften results iri the budgeting process being directed by the computer center director 
rather than proceeding from the Deans or other appropriate budgeting units. 

Iri large universities academic computing (often stimulated initially by NSF capi- 
tal grants) is usually centralized iri large facilities. operated on a self-sustaining basis. 
* n _^ e _P a ^i^_ erS ^ [ gf aiits arid contracts have been major supporters of these facilities, 
with economies of scale providing significant advantages to all users. However, ad- 
vances in technology towards more mini- and microcomputers have made economy of 
scale less of an issije. Furthermore, the hinding structures of federal agencies provide 
greater incentives for investigators to purchase individual equipment rather than to 
share resources. Researchers are more likely to desire capital purchases because of the 
continued availability of the equipment at the conclusion of a grant arid the uncer- 
tainty of obtaining operating funds for shared equipment, even though the costs of sup- 
porting an independent system (software, maintenance, systems support) are signifi- 
cant. Thus the prospects for long-term support for large academic centers will grow 
more dependent on funding sources other than the federal government. At the same 
time, however, the prospects of large centers as the most effective way to deliver com- 
puting services will diminish as the technology advances and the costs drop. The criti- 
cal issue will be transition — how to change without significantly degrading the critical 
factors of stability and continuity; 
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6. FINDINGS ... 

- 6.1 National Goals 

The national heeds for increased productivity and trade will be Increasingly de- 
pendent upon technology v Concern over antiquated facilities in certain key U.S. indus- 
tries (such as steel and auto) directly forges a link between computing, education, and 
national goals. However^ this link (which includes providing resources to higher edu : 
cation to aid in the transition to the information society) is weakly forged in the United 
States. ^ , 

Other nations have identified their needs for transforming their economies by ac- 
celerating the influences of computers and [communications. They have identified na- 
tional goal3 through studies and plans. Japan developed a plan.in A972 to accelerate its 
trans ition to an information society. This ambitious plan (whichfeallBdior an ipv ^ t- 
ment Tdf $5 3 bill ion "dol lars) recmmriend ed a w id e~rahge i jorr^sTearHrand cl evelopment 
activities, from communications research to experiments with "wired cities" (where 
access to data bases, education, and messages would be available in every. home). 1 

France developed a "Plan Telematique" based on the Nora Report which forecast 
the issues challenging France's economic arid social development tnat would require 
' coordinated investment to solve. 2 Two s^nificant steps have been takem— 

(1 ) Every high school in France will have one or more microprocessors and access 

* to high quality instructional material. 
[2 j Instead of telephone directories, there will be video display terminals for each 
telephone subscriber; these terminals will also provide access to many other 
* services. 

The United States has not developed broad plans or studies which address the 
problems of national goals and which would show the links between opportunities, 
Investment, arid outcome. - 

In particular, the role of higher education in meeting new and increased demands 
for information has hot been considered. Schools, colleges, and Ijbraries have long 
been the major providers of knowledge to society. However, the informatidn technolo- 
gies are providing new opportunities for large corporations and foundations to com- 
pete directly with these traditional institutions iri satisfying the ever-growing rieeds.for* . 
information. If colleges and universities are to remain viable as custodians ari(t 
transmitters of knowledge they must be prepared to use the neW technologies to trans- 
form their current. educational processes. 

6.2 Computer Competency is Needed# 

The transition to th& information society is overtaking many of our citizens' ability 
to absorb information. In fact; Japanese scholar have proposed a measure for "infor- 
mation pollution." 3 While the newest developments in microprocessors will become 

Ujapan Computer Usage Development Institute. The Plan for an Information Society: A Year 2000 Japanese 
NationaJ Goal. < 

2. Slman Nora and Alain Mine. The Computerizaijon of Society. See also Jacques Hebenstreit, "10,000 Micro- 
computers for French High Schools;" in Computer 13{7):1 7*21. 

3. Youichi lto. "The 'Johaka Shakaj' Approach to the Study of Communication in Japan." m KEIO Communica- 
tion Review 1(1): 13-40: Information Societies; Comparing the Japanese and American Experiences, Alex S. > ^; 
Edelktein et al. eds.. Seattle: International Communication Center, University of Washington. 1978, . 



as perv.asive.as digital calculators, because of, the general decline in literacy as mea- 
sured by college board tests and the level of capability in army recruits (the latest pl?ris 
are for developing armed services repair and maintenance manuals in comic book '■■ 
form!) we heep! to address: v * 

(1) The role of the. educational system in computer instruction (and the role of 
higher education in particular in assuring computer-literate graduates); ? 

(2) The relationships and cooperation of university and industry in meeting na- 
tional requirements for techriological growth; and 

(3) The level of computer literacy needed for the public. 

6;3 New Objectives in Resource Sharing 

. . While higher education has always had a significant amount of resource sharing 
(research libraries, joint courses, physical plants), the rapid pace of change and the 
difficulty of continuing to support the capital needs for research and instructional fa- : 
cilities will necessitate new approaches. There will be a new emphasis on spring in- 
formation (data bases and software) rather than sharing computer power. Issues of ac- 
cess, standardisation arid cooperation need addressing, particularly as information' 
resources cause the functions of libraries and university data bases to merge. Efforts 
like CONDUIT (software sharing) and EDUNET (a facilitating network for access to. a 
variety of university computing resources) ^ilj need* to be emulated or expanded. For 
example, industry may be able to provide access to specialized resources for instruc- 
tion aRH research use . (e.g. computer-aided design and manufacturing facilities), but ' 
encouragement is needed through tax incentives an^ new treatment fo&equipment do- 
nations. • « 

6.4 Structural Changes Needed • 

The structure of higher education, while traditionally resistant to innovation, will 
bj* dramatically affected by the changes brought by information technologies. Previ- 
ously stable campus organizations will be challenged by innovations which affect the 
basic assumptions that govern them. For instance, today the library, printing plant, 
mail service, and computer facilit^see themselves as providing very different services.^ 
However, the introduction \ oi ^electronic mail, the access to bibliographic iriformatioriS 
through terminals, and the computer composition of text ready for printing all chalks. „ 
lerige current assumptions of organizational separation. >^ 

These services are all concerned with the transformation and distribution of infor- 
mation. Organizational focuses will shift more towards the fundamental task of mov- - 
ing information through networks. Joint planning will be needed to avoid unnecessary » 
.duplication and uncoordinated standards. Information technologies' are a catalyst for 
organizational change because they alter the framework for producing and transmit- 
ting knowledge, a basic function of higher education. 

6.5 Opportunities in Instruction ' 

Information technologies will affect instructional opportunities in two major 
ways. 
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'_ (1) The current primary instructional formats (lectures, discussions, experi- 
ments, papers) will be augmented and supplemented by computer Usage. Low ' 
cost, high quality coursgLmateriai on video disks i wij[ gr^ 
techniques. Access to sophisticated computer-aided instructional facJrk^es such 
: * '.as PLATO, will rapidly increase as tlfe new low-cost microprocessor terrnmSs re- 

- ? a (2) Access to education— tpday obtained by being on Sampus or by using lin> 
. itefiT.Vi access— .wyi change significantly wjien the average student has a porta- 
V ' ble ter^inal/disp|ay/micrBproc^ access material, to submit papers, and to 

communicate vyith ipstructors and other students. ... 
The notion apd. nature oftohtinuingeducation will change when students arid , 

- faculty have, jgreatly expanded optio 

(cable and t;V.- access to infoVmdiioK) Will open hew directions^ satisfying the rising 
; demands fdr instruction, and home access-to course material will provide new oppor- 
tunities; jor continuing education. 'j: 1 •. - 
* ' ' . V ' •• . * ■ 

' 6.6. Support for Computing Research 

Budgetary pressures in higher education in conjunction with the high cost and 
brief life span of s^ate-of -the/art equipment wiirstimulatQ new.approaches for develop-.' 
• ihg cooperative research, Consortiums between uriiversijies arid industry will become • 
s far rriore frequent as ways to taqkle mutual research and educational issues. Rapid ad- 
vances in information! technology are placing additional burdens .on' btitfi the public . 
and private sectors. Developments in miCroejectrbnics which stimulate,the re-engj- 
neering of manufacturing equipment and cOntrpl machinery place new demands on 
engineering and computer science programs^ In additiorf, the new emphasis on infor- 
mation management in business creates a^high demand for people.with both business 
and computing experience and for new research in computer applications and the de- 
cision sciences. ".>-*■■• - ' *■ 

While industrial and state government/ support for research in^iyersittes may 
increase substantially, a strong role for the federal government is stiH feQ^iredTpartic- ; v 
. ularly in areas relating to national interests (to support defense and ho maintain the 
" U.S; technological'lead^rn computing an<d electronics). In the same way Jhat research *; 
facilities in physics' are^now supported as nationafresdurces, it will be important for v 
the federal governmenUto fund advanc,ed Computer research laboratories that cannot . 
be maintained By a single state or university % - ». ' 




7. STRATEGIES AND RECOMMENDATIONS 
FOR NATIONAL ACTION >^v 

7.1 Reasons for National Action * 

We could' argue that, since computing in higher education has had little federal 
support during this recent period of great change, there is no need for national actions 
today/ However, the initial growth of computing was significantly stimulated by fed- 
eral programs (the capital program jri the '60's for acquisition, the network programs, 
and support iri computer science and science education by NSF). These investments* 
may be judged a remarkable success: the handful of colleges with computers in the 
'Bd's has grown to almost' 100% of schools today; entire industries were born based on 
university research and 'timesharing networks. 1 

. The results of this study's survey of the issues arid the meeting of the Consensus 
-Panel reVealed wide a^reement-on the issues facing thejiation^nd, higher edueat 
the transition to an information society. 1 * ■ * ■ ■ 

• Other nations are developing highly integrated plans for accelerating'their trari- 
i sition to information-based economies through joint efforts of industry,»govern- 
ment;.and>educatibri. , : 



• Increased productivity arid trade \yill be closely linked to our ability to apply the 
J results. bf new developments iri rriicrbelectrbriics, computing, arid cbrrirriuriica- 

H ons - . . . > : >: • " . 

• The United States faces a critical shortage bf people educated to use: these new * : ; 
tools and, in turn, higher education faces severe resource problems [faculty and 
facilities) in responding tajhese national needs. ; v i.J ! ," 

• Industry arid go verri merit are concerned with these issues ard are supportive of • 
the development bf strategies to improve bur national position. 

7.2 The Information Society and Higher Education - 

' [ri what whys does flieV change from an, iridustFja J' society tbpn inforrriatibri society 
require a new role /or higher education? • • 

• v te|tit«tions bf higher educatibii will be citted upon to provide greater opportunity 
for lifelong learning arid for retraining to meet the needs of ndw technological devel- 

••• opmenfs. Increased public awareness of, and. ability to' use, computers will compel 
schools t6 incorporate new technologies in Iheir'services; and-greater emphasis oil the 
storage, retrieval, and .dissfirfiinatipnvof infoftnatibn will lead^rfesearch and library ac- 
tivities towards deyetepments whicfi make information more useful to science, tech- 
nology, and the advancement of knowledge. 

What new opportunities does the merger of microelectronics and qpmriidnications 
provide /or higher edurfaflpn? ' ♦ 

The broader base of users and the greater-number of computers create the potential 
lor dramatically lower software costs; lower costs in turn further* increase access 
throughout a school, with moce computers and individual terminals for student use, 
Greater emphasis bri individual ebrriptiters/ierriiirials arid decentralized systems will 



1 . those statements were deveioSed in conrfHftction with the Consensus Panel and Stedring Committee. 



' pei^nit greater flexibility in instruction (e:g L by the Merging of computers arid video- 
disks). Advances in communications will contribute to more distributed ecjucation 
systems that provide greater opportunity for learning at home and other places off cam- 
pus, arid will allow increased access to national networks for more resource sharing. ; 

What effects will the "information explosion" and new technologies" fo\storing, re- 
trieving, arid distributing information have on higher education? 

^evv "concepts of information sharing are emerging:* <a blurring of the distinction 
' between computer centers, resource centers, and libraries; greater interdependence, 
with resource sharing and shared collection development; and increased dissemina- 
tion of information outside, of educational institutions for more productive use by the 
=pubHc:ajid:ibrivate 

merits. In addition, resources will be needed to convert libraries to more efficient Stor- 
age and retrieval systems. In order to accommodate increased private sector involve- 
ment in information services (e.g. in developing data bases and converting documents 
into microforms) ,. institutions will have to develop new policies for information stor- 
age and dissemination. ^ 

How have other nations used higher education to advance their national information 
policies? , \ ' 

Other nations have recognized the role of computing in the development of their 
national plans and are investing in research and training ^with a focus and on a scale 
^ ot _^ oun ^_Ji 1 A ne y n Jted States (e.g. vector. computers for university research in Ger- 
many, Denmark, and Great Britiari; programs to place microcomputers in all French 
high schools). Japan has set ambrtious ^national goals for an information society arid for 
leadership in electronics through coordinated efforts requiring cooperation between 
business and education; and Canada has considered higher education in planning 
telecommunications and economic policies (including participation in a national in - 
formation network). * . * . • " 

- What are the critical areas requiring national support? 

Federal arid state governments and industry need to provide support arid direc-' 
tiori: ' . ' s 

• (lj Toiencpurage resource sharing (e.g: software, data bases) in an environment 
characterized by the high cost of software and the low cost of hardware; 

(2) To^eVelop.^valuate, arid disseminate curricula and hew approaches for using 
computers in instruction; 0 

(3) To provide computer resources for research activities that require large-scale 
X-* investment (e.g. VLSI development); g ' 

(4) To support research and development in order to respond to national informa- 
. tion 41eeds and to maintain U.S. leadership in technology and communica- 
' tions. . , 

7.3 Strategic Recommendations 

* *- "-„■"'•. ■ ■ ■ ■ * 

. Any attack on the national issues will require participation by a number of consti- 
tuencies — industry, federal and state government.Jiigher education, associations, and 
societies. However, in order to act we must have a fociis for action. The focal point 



should already be charged with leadership responsibilities in research and education. 
Thus we propose that the National Science Board take the responsibility for establish- 
ing a commission to> involve professionals industrial, educational^and government 
groups in a series of activities focusing on the issues surrounding computing in higher 
education. The tasks should include.but not be limited to: 
; • Identifying policy issues for Congress arid federal agencies 

• Informing the public about issues 

• Stimuiatin^curricuium development * 

• Identifying new strategies for human resource development, particular^ to eri : 
slice the equality of opportunity 

* Expanding research-programs *• p 1 : = 

f Coordinating the development of standards for computing in higher education 
The cbmmissic^ctn carrying but the above responsibilities, should work closely 
-with representatives from: 

Industry • , 

• To develop long-range projections of human resource needs in computing and Jfr 
<&chno(ogical fields - — 

• To work with universities to, share unique resources, including indus- 
trial/academic staff exchanges and fellowship support 

• To encourage the develop merit of joint research pro jects with universities' 

Universities ^ 

. . . . _ < _ . _ . . * ■ 

• To develop priorities arid plans For providing the computing erivirorirrierit 
needed for education and research : ' 

• To pursuLrvigorously the sharing of computing anc- information resources and 
curricular materials, both on campus and amogg institutions * j ' 

• To develop more efficient mechanisms for transferring technology from univer- 
sities to otherWtements of society 

• To improve the mechanisms for continuing education in computing 

• To initiate appropriate shared research activities with industry 



To allocate the^resources for^programs identified that support natipnal needs in 
computing 4 • _ _ 

To establish coordinated national information policies 

To develop incentives for resource sharing between industry and higher educa- 
tion, arid among educational institutions 

_ * i . x 

To encourage the development of regulations and tax laws favorable to research 

cooperation and shared development [e.g. patent and copyright] 

To recognize computing as an essential national need and computing in higher 

education as a national resource 
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National Science Foundation 



• To recognize computing as a fundamental component of science and technolpgy 
and to focus the currently fragmented programs - within the foundation 

• To promote and support programs for developing, assessing, and disseminating 
curricular materials 1 ; 

• To support national resource sharing and cooperative approaches . ? 

• To support the needs of computer science and information science, recognizing 
these as laboratory sciences %ith special requirements for.human resourced 



Vejdpment arid for equipment " ■ ( 



Je- 



The Executive3raneh ' * 

^ • To strengthen science and information policies; recognizing the importance^ 
computing as a national resource . y . /y 

• To-continue efforts to create an environment in which education and research^ 
particularly in computing, can flourish with' a. minimum of constraints and r9gu- ' 
lations . . . v — 

Professional Groups and Associations * 

• To serve as a catalyst for initiating cooperative programs among industry, higher 
education, and government in achieving the goals outlined above 
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A CONSENSUS STATEMENT: 

THE PANEL ON COMPUTING AND HIGHER EDUCATION 

• ' - •; • ' '• ' ■ ? % ■ ■ - 

■ Dr, Irving Shain, Chairman., ^ 



MarcH30, 1981 , 
National Science Foundation 



**The views expressed herein do not hecessarily reflect the vievtfs of the National Sci^ 

— ence Foundation; ? — * "~. -•- - - — 

- - ; \ 

INTRODUCTION - f : 

".' * "After growing wildly for years, the field of cdmputing.nbiv appears to be dpprddcfiin| its 
infancy." ^ _ : _ 

— Pierce Report, 1967 

... Computing in higher educatibh'CohUnues to grow wildly, arid is still approaching infancy/ 
Today over-2% of the higher education budget is devoted tcrxorri pu ting— one ion dollars a 
year. Yet with the rapid penetration of computersjn society, there will be the rjejpd to devote ah 
even greajer share of the resources of higher education to computing. ■ 

Th e reso Urc es heed ed. L th e t ra U ma's of real locating jUfcad y f li m reso U rces , and t h e complex- 
ity of transition, with a wide variety of options ^microprocessors, networks, computer-aided in- 
struction, administrative growth] pose Both problems and opportunities. 

The purpose of this panel is to call attention to the impotence of computing to national and 
educational goals and to recommend actions to strengthen the role of computing as the United 
States (jecomes an Information Society. By obtaining a consensus \ve are emphasizing the need 
Tor cooperation and sharing among institutions of higher education, the federal government, and 
the business and industrial sectors. 

Our framework for recommend ing^ programs and policies to address these issues at the na- 
tional leye) is the recent study, ''Computing and Higher Education: An Accidental Revolution." 
This report focuses on the growing Use of computers in education and identifies the major na- 
tional issues which affect their uses in higher education. / . 

'• just as today it is^assumed that e^ery studbnt'has access to aflbrary. so 4 by the end of the 
'SO's every stifdent will be expected , to have access to a full range of computing and infor- 
. . ... jtlBt ion services. ' ?; ' ; ^ j 

■■■■»"».« The mass' production of "home cdm'pu^r^4jj|li'prdvide each student with an inexpensive 

co^puter/tenninalbytheen^Nhedec%de.^' ; 
•'* • UrirveES^tles must respond lo these rapid technological changes in order to maintain the 
relevance and qualityof education, to improve productivity, and to take full advantage of 
the44«w opportunities; ; 



The4nforrnatibn Society - 

The United States is_ rapidly, transforming from an economy based on Industrial production i> 
to one based on the transfer of'information. Computers are now-used in all aspects of daily life to 
improve the fuel econbmy of cars and homes and to provide more efficient services. These 
changes, alpng with the merging of communications and computers, are causing the emergence of 
an information-based economy — the transition from an industrial to an information society; 
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Information is clearly the dominant national commodity, with approximately one-half the 
labor force holding information-related jobs, and earning over one-half the labor income. The 
Porat study and Department of Commerce statistics show that information activities now account 
for over 46% of the GNP. The importance of information technology to the economy 1 ^empha- 
sized by the fact that in the sale of computers there is now a balance of trade surplus estimated to 
be $6 billion.. *' ♦ 

Productivity and Computing 

Advances in microelectronics and telecommunications create opportunities for greater pro- 
ductivity, more efficient Use of energy, increased exports, and access to a great cliversity of infor- 
mation and educational resources; It is important that the United States maintain Its lead fn the 
information technology fjejds. particularly because computers offer a. major opportunity for im- 
proving productivity. Forexample, in industry they provide savings in time and effort through 
coniputer-aided dosSn and manufacturing (savings as great as 50:1);. in education and training 
4 through computer-managed and computer-aided instruction; and in business through managing 
information activities with terminals; and'data bases, These computing developments are depen- 
dent upon advancements in training and research— areas in which higher education has always 
played an important role. ; 

The lead which the U.S. has always had in technology is now threatened by the significant 
-investments which other nations are making in research, development, and education; Efforts 
must be made to increase productivity, through re-investment in facilities, throdgh significant 
new applications (e.g. through officeiutomation and computer-aided design and manufacturing ] 
and through training and re-training In addition, national defense needs call for developing so- 
phisticated information technologies and well-trained personnel. 



Higher Education 

This Consensus .Meeting calls attention to the role which higher education will need urplay 
in tbe transition from an industrial to an information-based economy. National needs for in- 
croased productivity and a literate and welMraihed populace increase..derhands for relevant edu- 
cation and new educational approaches. Higher education must -Jmake 'significant changes in 
order to respond to these demands through reallocating funds, generating new capital, arid devel- 
oping innovative educational approaches. < 

• TherB is a \ mai ° r tTi * ls in trainin 8 computer scientists.Jhere is a lack of support to graduate 
.students which leads to a shortage of faculty* Npw capital is also required for the equipments 
support these needs. Already there is a crisis in computer science-the faculty needed to teach 
the growing numbers Of sbdenti are preferring to enter industry in order to have access to Up-to- 
date research facilities. This results in the two-fold problem of not enough graduates with ad- 
vanced degrees and not enough faculty to provide computing education. .< _ 

In the following consensus statement we consider specific issues concern! ng ; the role of com- 
puting in higher education and recommend actions to strengthen the contribution of higher edu- 
cation taxational goals. * . „ 

A CONSENSUS STATEMENT: *s V " 

THE PANEL ON COMPUTING AND HIGHER EDUCATION 

1. What is the role of computing in higher education?, ' -/ 

(a) Supports training in the Use of the computer in research, .instruction, Business, arid all\ 
segments of the public and private i sectors " U'; - ; ; ^ . 

; (Bj Provides a technological base of people, facilities, and^^j^Mlj/M felities 
(c) Increases access to information, both within thettfaiiBBvlm^^ffi^^^^^^ 



; * (d) Provides a tool in teaching and adminlstratioa, j;* ' 

• (e) Develops applications for computers whicji contribute to the advaricementof society,, , 

2. In whatways does the change from an industrial society to an information society, in which a 
majority of the workforce is involved with information-handling activities, require a new 
role for higher education? ■ \ 

^ (a) Opportunities jfor jjfe-Iong learning *. \ . , 

' . (bj RMrainingfo^ y r 

(c) Public awareness of, and abiUty to use, computers^ . .'. 

(d ) Greater emphasis on the forage L JB.tHevaJ , a rid $ ssemi .nation of information to make i t 
:jnosiuseJu1j^ 
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- the. national quality of life 

What new opportunities does the merger of microelectronics and communications provide 
for higher education? -\ 

(a). Lower costs>aJlow broader use: greiter access throughout the university arid more indi- 
vidual terminals and computers for ^ 

^b) More emphasis on individual computers/terminals and decentraiized systems permits 

greater flexibility in instruction (for example, the merging of computers and videodisksj 
"(cj AccepSN^o national networks provides more resource sharing " 
(dj^The broader base of users, and tfie greajer number ef computers create the potential for 
dramatically lower software costs i 

-■(^)';PM^i'^^^.^ tio ^ systems provide the opportunity for education at home and other 
; places off campus } . 



4. What effects will the "information explosion" arid new technologies for storing, retrieving, 
and distributing information have on higher education? 

(a) New concepts of ^ir^ormation Shading: 

1. Blurring of the distinction between computer centers, resource centers, and libraries 
; 2. Greater interdependence, with resource sharing and shared collection development 
3. increased dissemination of \in formation outside of educational institutions for more 
i ;■ . ;. productive use by the public and private sectors ; 
These developments will require substantial capital investments. 
(bj jncreaseo? allocation of resources to convert libraries to more efficient storage an^ re- 
• trieval systerris (which niay ' be provided thrbu^ national networks) '*> 
(c) New policies tb^accbnimodate^ private sector in^ information services fig: ' 

developing data [oases or converting documents into micrbfbrrrisj * < ; \ ' ' - ^ • 

How nave other -nations used higher education to advance their national information poll- 

■ cies? ; 

,..* [a\ Other nations have recognizee? the role of computing in;^ 

x , plans and are, investing In research and training with, a focus a^nd on a scale not found in 
K :■' > ffie U.S. (e.g. vector computers for riniveTsity research, use in Germany, Denmark, arid 
Great Britain; r^^tfms to place mfcroebmputers m ail Frefiqh high Schools) , 
(bj Japan has set atabitious national goals tor ari^formatiqrt society, and for leadership in 
electronics through coordinated efforts requiring cooperation between business and edu- . 
cation / " 
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( c ) Canada has considered higher education in planning telecommunications and economic 
policies (including participation in a national information network) 

6. What are the critical areas requiHhg national iu^pbHr^^^ ' ? - ; * 

Federal and state governments and industry need to provide support and direction to: ; ' 1* , 
(aj Encourage resource sharing (e^; software, data bases) in ah environment which is char- ■ 
acterized by the high cost of software and the low cost of hardware v , :/ ; ; 

(b) Develop, evaluate, and disseminate curricula and new -approaches for using computers 
in instruction 

(c) Provide computer resources for research activities which require large-scale investment 
(e.g. VLSI development) 

(dj Support R&D in order to respond to national information heeds and to maintain U.S: 
leadership in technology and communications 



CONSENSUS ISSUES: 
STRATEGIC RECOMMENDATIONS 

The basic step needed to achieve the goals of improving national productivity .through computing 
in higher education and enhancing the quality and effectiveness of higher education is for the£ 
National Science Board to create a commission to work _with ^prbfesMbhaL industrial, educational 
and government groups to develop cooperative programs for supporting computing in higher ed- 
ucation, The programs should include, but hot be limited to: 

• Identifying policy issues for Congress and federal Agencies 

. • Informing the public about issues ' 

• Stimulating curriculum development 

Identifying new strategies for human resource development, particularly to assure the 
equality of opportunity 

• Expanding research programs 

• Coordinating the development of standards for computing in higher education 

The commission, in carrying out the above responsibilities, shall work closely with representa- 
tives from; • \ 1 



Industry , > 

• To develop long-range projections of human resource needs in compating_and jechnologi— 
cal fields $ 

s * To work with universities to share unique resources including industrial/academic staff ' 
exchanges and fellowship support ; * : 

• To entourage the development of joint research projects with universities * 

Universities j-is 

• TP " develop priorities and plans for providing the computing environment needed for eda- 
cation and research 

• To pursue vigorously the sharing of computing and information resources and curricular , 
materials, both on campus and among institutions . ■ i ^ ' 

• to develop more efficient mechanisms for the transfer of technology from universities to v - 
qther elements of society ' / *. ' ' 

• • To improve the mechanisms for conijnuing education in.computing / * -/ 

• To initiate appropriate shared research activities with industry -^f§f* 
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CongSss * _ _ _ ^ . 

• To allocate the resources for programs identified Which support national needs in comput- 
ing . 

To establish coordinated national information policies 

• T° develop jnconUyes for resource sharing between industry and higher education, and 
among educational institutions 

' - - To encourage the development pf regulations and tax laws favorable to research coopera- 
W Hon and shared development (patent, copyright)* 
■ % • To recognize computing as an essential national need and corhputing in higher education 
as a national resource . ' 

National Science Foundation 

• To recognize computing as a fundamental component of science arid technology, arid to 
focus the currently fragmented programs within the Foundation : . 

• To promote and support programs for developing, assessing and disseminating curriculat 
materials y 

• To support national resource sharing and cooperative approaches 

" X° **iPP°rU^A???^? °f computer science and information science, recognizing these as 
v laboratory sciences with special requirements for human resource development arid equip- . 
,rrierit 

The Executive Branch 

• To strengthen science and information policies, recognizing the importance of computing 
as a national resource ' 

• To continue efforts to create an environment in which education and research, particularly 
in computing, can flourish with a minimum of constraints and regulations 

Professional Groups and Associations 

• To serve as a catalyst in initiating cooperative programs among industry, higher education 
arid government in achieving trie goals outlined above 
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